KEYWORDS: CFRP, Carbonize, Phenolic resin, Recession, Rate-controlled oxidation and Diffusion-controlled oxidation 1 . Introduction Titan, one of the satellites of Saturn, is surrounded by an inert atmosphere chiefly composed of 80% nitrogen gas and 15% argon gas. It also contains water and hydrogen cyanide, both of which are essential for the creation of life. The atmospheric pressure near Titan's surface is 0.15MPa. In order to thoroughly explore Titan, it is necessary to send a space vehicle down through its atmosphere. Furthermore, at the time of entry, the space vehicle is expected to experience severe aerodynamic heating. In order to prevent heat from permeating in the vehicle, the surface of the vehicle is covered with an ablator made of carbonized phenolic Carbon Fiber Reinforced Plastic (CFRP). Carbonized phenolic CFRP is known to possess high specific strength and stiffness. It is highly heat resistant and also resists the shearing load imposed by the high-speed airflow. On account of these properties, the carbonized phenolic CFRP has been widely adopted in earth re-entry vehicles, planetary exploration probes, etc.1)-6). When the airflow consists of inert gases such as nitrogen and argon, oxygen is absent from the boundary layer. Therefore, the mole fraction of oxygen in the boundary layer is set at zero. When the gas resulting from the decomposition of phenolic resin contains oxygen, carbonized phenolic CFRP is presumably oxidized by the oxygen diffusing into the boundary layer. As this assumption has not been verified, it is important to determine whether the carbonized phenolic CFRP placed in a nitrogen atmosphere experiences oxidation that results in its own recession. Because, the Metzger's theory cannot estimate the surface mass loss rate by the oxidization based on the oxygen in the pyrolysis gas diffused into the nitrogen atmosphere.
This paper describes an experimental study conducted on the surface mass loss characteristics of the carbonized phenolic CFRP, which permits space vehicles to enter into the nitrogen atmosphere.
Experimental

Test equipments
Heating test was performed using the arc-heating equipment owned by the Japan Ultra High Temperature Material Center (JUTEM)12),13) ( Fig.1 )
The arc-heating equipment consists of an arc heater for heating a working gas such as air or inert gases, a gas supply unit that accelerates the high enthalpy gas; a nozzle and a specimen drive unit, and an exhaust cooler. The pressure of high enthalpy airflow was measured using a Pitot tube, which stems the airflow and measures the stagnation pressure.
The surface temperatures in the conditions A and E were measured using an infrared thermometer (pyrometer) , which is a sensor that detects the infrared radiation from the surface of a material.
Test conditions and specimens
Since the surface mass loss of the carbonized phenolic CFRP presumably depends on the surface temperature and the stagnation pressure, test pieces were subjected to surface mass loss measurements at various surface temperatures and stagnation pressures. The experimental conditions A through C were used for testing the carbonized phenolic CFRP as listed in Finally, the condition C almost completely carbonized the We predicted that if carbonized phenol CFRP heated in the nitrogen atmosphere reacts with the thermal decomposition gas at the surface, it would undergo surface mass loss. In this case, the surface mass loss rate would be expected to be the largest in the condition A, becomes smaller in condition B, and becomes still smaller in condition C.
The heating time durations for each test were 180 s to 300s, which were more than 6 times to 10 times that used in Sutton's Schematic outline of specimen. The steep straight line on the right-hand side of Fig.3 atmosphere is similar to that of the phenolic CFRP heated in the condition C, and this mass loss rate for the condition D can be expressed by Eq. (9) as follows:
This surface mass loss caused by the nitriding of carbon must be subtracted from the mass loss caused by oxidation in order to obtain the correct oxidation surface mass loss.
Oxidation of the phenolic CFRP in the air
In order to understand the thermochemical reaction of the carbonized phenolic CFRP in nitrogen atmosphere, it is important to compare the oxidation surface mass loss rate of the material in nitrogen atmosphere with that in air. Thus, a test was conducted to heat the carbonized phenolic CFRP in an atmosphere that somewhat simulated the air (the condition E in Table 1 ). The specimen configuration was the same as that illustrated in Fig.1 . The material to be evaluated was a virgin phenolic CFRP.
The surface mass loss rate of the carbonized phenolic CFRP heated in the condition E is shown in Fig.6 
